Although a marked proportion of thalassemic patients acquire Torque teno virus (TTV) through blood transfusion, its clinical importance is unclear. This study was designed to investigate the clinical importance of TTV infection in thalassemic patients with and without hepatitis C virus (HCV) co-infection in Iran.
Background
Although a marked proportion of thalassemic patients acquire Torque teno virus (TTV) through blood transfusion, its clinical importance is unclear. This study was designed to investigate the clinical importance of TTV infection in thalassemic patients with and without hepatitis C virus (HCV) co-infection in Iran.
Methods
In this case-control study, 107 thalassemic patients on chronic transfusion and 107 healthy individuals were selected. According to HCV and TTV infection status (detected by semi-nested PCR), patients were categorized into 4 groups: TTV and HCV negative, TTV positive, HCV positive, and TTV and HCV positive. Blood ferritin, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) levels in these 4 groups were assessed.
Results
Approximately half of the thalassemic patients (50.5%) and 27.1% of controls had TTV infection. Thalassemic patients had a greater chance of TTV infection compared to the control group with a sex-adjusted OR of 4.13 (95% CI=2. 28-8.13 ). The increased levels of ALT, AST, and ferritin in the TTV and HCV-infected group were not significantly different from those in the TTV and HCV negative group. Co-infection with TTV and HCV did not significantly increase ALT, AST, and ferritin levels compared to infection with TTV alone.
INTRODUCTION
Due to their dependency on blood transfusions, thalassemic patients are prone to transfusion-associated hepatitis, as a consequence of transfusion-related iron overload and exposure to viruses, which may cause hepatitis. The incidence of transfusion-related hepatitis in these patients has been substantially reduced since the implementation of blood screening for hepatitis B virus (HBV) and hepatitis C virus (HCV) nucleic acids and antibodies. However, a considerable proportion of thalassemic patients have raised levels of serum alanine aminotransferase (ALT), without a known causative hepatitis virus [1, 2] .
Initially, hepatitis G virus (HGV) was presumed to be the causative agent of transfusion-associated non-A-C-hepatitis; however, this was not confirmed in subsequent studies. In 1997, Nishizawa and co-workers isolated a novel single-s tranded DNA virus, designated TT virus (TTV), from patients with non A-E transfusion-acquired hepatitis, and which appeared to be associated with non A-G post-transfusion hepatitis [3] . This virus was renamed Torque teno virus and was classified as a species of the Anellovirus genus in an unassigned family that is most closely related to the Circoviridae [4] . TTV infects the general population and particularly those at risk of parenteral exposure [5] [6] [7] [8] . Samin Alavi, et al.
Transfusion-dependent patients, such as those with thalassemia, are more prone to carry TTV and most infections (80%) are of mixed genotypes [2, 9] . The prevalence of TTV in thalassemic patients varies in different studies and seems to be dependent on the diagnostic technique. Kondili et al. used two different sets of primers to detect TTV prevalence in 37 pediatric and young adult patients with thalassemia. The first primer set found TTV in 73% of thalassemic patients, while the second set found TTV DNA in 100% of the patients [10] . TTV infection can be detected by polymerase chain reaction (PCR), in situ hybridization, and specific antibodies to TTV [11] . Most TTV infections appear to occur parenterally but a substantial proportion of asymptomatic individuals never exposed to blood-borne agents and the high prevalence of TTV, even among healthy children, implicate the fecal-oral route of transmission as being potentially important [5, [12] [13] [14] .
However, studies have not yet been able to confirm TTV as a primary cause of post-transfusion hepatitis, since most TTV-positive (TTV+) patients remain asymptomatic, and those progressing towards chronic liver disease are invariably co-infected with either HBV or HCV [5] . On the other hand, considering the fact that thalassemic patients are prone to acquiring various genotypes of TTV as a consequence of their life-long dependence on repeated blood transfusions, the importance of elucidating the potential role of this virus, if any, in development of clinical disease is highly important [2] . Hence, although a significant proportion of thalassemic patients acquire TTV by transfusion and some have co-infection with HCV, it remains uncertain if HCV and TTV co-infection leads to more severe hepatitis compared to TTV infection alone [15] [16] [17] [18] [19] [20] . The clinical outcome of TTV in thalassemic patients is controversial, and there have been no previous studies in this regard in Iran. Thus, the current study is designed to investigate the prevalence and clinical importance of TTV infection in thalassemic patients with and without HCV co-infection in Iran.
MATERIALS AND METHODS
In this case-control study, a total of 107 thalassemic patients, who received regular blood transfusions at the Thalassemia Center of Mofid Childrens' Hospital, Tehran, Iran, were selected as the patient group. One hundred and seven healthy volunteers were categorized as the control group. First, TTV DNA was assessed for all the patients and controls, and according to the HCV and TTV infection test results, cases were categorized into four groups: both TTV and HCV negative (TTV-HCV-), TTV positive alone (TTV+), HCV positive alone (HCV+), and TTV and HCV positive (TTV+HCV+). Blood ferritin, AST, and ALT levels in these 4 groups were assessed in order to determine the clinical outcome of TTV and HCV infections. In standard donor-screening tests, all the samples were negative for HIV, human T cell leukemia viruses, and HBV. Informed consent for serological studies was obtained from the patients or their parents if the patients were under 18 years of age. The study protocol was approved by the ethics committee of Tehran University of Medical Sciences (TUMS).
Virological and biochemical laboratory tests
Serum ALT and AST levels were measured using an automated analyzer and values higher than 50 and 40 IU/L, respectively, were considered to be abnormal. Serum ferritin was determined by ELISA (IMx ferritin assay; Abbott Division Diagnostici, Rome, Italy) and because of its high plasma levels in thalassemic patients, values higher than 3,000 ng/mL were considered to be hyperferritinemia. Anti-HCV status was determined by a commercially available second generation enzyme-linked ELISA (hepatitis C II; Abbott Laboratories, North Chicago, IL, USA) and hepatitis B surface antigen (HBsAg) was determined by radioimmune assay (Abbot Laboratories, North Chicago, IL, USA). HCV RNA was detected by RT-PCR as described previously [21] [22] [23] .
Isolation and determination of TTV DNA by PCR
Semi-nested PCR was used to detect serum TTV DNA. Specifically, serum DNA purified from an equivalent of 7 μL of serum was amplified using the following PCR protocol Under the same conditions, the second round of PCR was performed using a semi-nested primer set (sense NG061; 5'-GGC AAC ATG TTA TGGATA GAC TGG-3', antisense NG063) and 5 μL of the amplification product. Multiple positive and negative controls were included in each PCR assay. PCR products were analyzed on 2% agarose gel with ethidium bromide staining. For all positive samples of TTV DNA, separate assays were performed and sequences of PCR products were confirmed by automated sequencing on ABI 373 sequencer (Perkin-Elmer, Foster City, CA, USA).
Statistical analysis
Results were reported as the mean±standard deviation (SD) for quantitative variables and percentages for categorical variables. We categorized AST, ALT and ferritin levels into normal and abnormal groups using the clinical ranges described above. The groups were compared using Student's t-tests for continuous variables and chi-square tests (or Fisher's exact test, if required) for categorical variables. Statistical significance was based on two-sided design-based tests with P≤0.05 being considered significant. All statistical analyses were performed using SPSS version 13 (SPSS Inc., Chicago, IL, USA) for Windows. Abbreviations: TTV, torque teno virus; HCV, Hepatitis C virus; ALT, alanine-aminotransferase; AST, aspartate-aminotransferase. 
RESULTS
In this study, 107 thalassemic patients (51.4% male) with a mean age of 14.61±5.96 years and an average transfusion duration of 19.64±23.60 months were selected as the patient group. A representative sample of 107 healthy volunteers (33.6% male) with a mean age of 13.13±6.37 years were selected as the control group. According to their HCV and TTV infection results, the patient group was divided into four subgroups (TTV-HCV-, TTV+, HCV+, and TTV+HCV+). TTV infection was found in 27.1% of controls. Nearly twothirds (65.4%) of thalassemic patients carried a virus of which approximately half (50.5%) had TTV infection alone and 11.2% had both TTV and HCV infection. HCV infection alone was found in 4 patients (3.7%).
Demographic and clinical data of the 4 groups is shown in Table 1 . Seventy-five percent of TTV+HCV+ patients and 46.3% of TTV+ patients were male. Patients who were co-infected with TTV and HCV were older when compared to those infected with TTV alone (20.8±3.8 vs. 14.0±5.8 years, P＜0.001) and tended to have been undergoing blood transfusions for longer (23.3±17.2 vs. 19.1±24.3 months, P=0.58), although this difference was not statistically significant. Abnormal values of serum ALT (＞50 IU/mL) and AST (＞40 IU/mL) levels were more often found in TTV+HCV+ patients compared to the TTV+HCV-group (33.3% vs. 14.8% and 50.0% vs. 24.1%, respectively). This is in contrast to the incidence of hyperferritinemia (＞3,000 ng/mL), which was observed more often in the TTV+HCV-group than in TTV+HCV+ patients, although was not statistically significant. An age ＞15 years, gender, or transfusion duration of ＞12 months were not correlated with the incidence of infection with TTV alone. However, there was a significant relationship between older age (＞15 years) and TTV-HCV co-infection (OR=1.86, 95% CI=1.30-2.65), although a similar relationship was not found between gender or transfusion duration (＞12 months) and TTV-HCV co-infection.
In order to evaluate the influence of age, sex, and transfusion duration on clinical outcome in TTV+ patients, we compared mean plasma levels of ALT, AST, and ferritin in these patients under these categories (Table 2 ). However, we found no significant differences in these plasma biochemical markers with increased age, transfusion duration, or gender (P ＞0.05).
Thalassemic patients had a greater chance of TTV infection in comparison to the control group, with a pure OR of 3.93 (95% CI=2. 16-7.13) . This relationship was also confirmed even when we considered sex as a probable confounding factor (OR=4.13, 95% CI=2.28-8.13), with males being significantly more prevalent among TTV patients than uninfected controls (51.4% vs. 33.6%, respectively, P =0.012). In Table 3 , the mean plasma levels of ALT, AST, and ferritin in the TTV-HCV-, TTV+HCV-, TTV-HCV+ and TTV+HCV+ groups are compared. The increased levels of ALT, AST, and ferritin observed in the TTV+HCV-group did not differ statistically from those of the TTV-HCV-group. Furthermore, co-infection with TTV and HCV did not significantly increase ALT, AST, or ferritin levels when compared with infection with either TTV or HCV alone. 
DISCUSSION
The potential role and clinical importance of TTV infection in liver diseases, as a transfusion-transmitted agent in thalassemic patients and other transfusion-dependent diseases, has been discussed since the discovery of the virus in 1997. The prevalence of TTV varies among thalassemic patients from different nations. Approximately half of the patients (50.5%) and more than a quarter of controls (27.1%) were found to have TTV infection. Hsu et al. also found 27.0% of 122 healthy children in Taiwan to be infected with TTV [12] . In our study, thalassemic patients had a greater chance of TTV infection in comparison with the control group with a common OR of 4.31 (95% CI=2. 28-8.13 ). This could reflect the greater importance of the parenteral route for virus transmission that has been noted in previous studies [5, 12, 24] . However, among infected subjects in the control group were healthy young children without any transfusion history or known diseases, suggesting a non-parenteral route of transmission for TTV. Epidemiological studies suggest that the main routes of TTV infection are parenteral, oral-fecal, and possibly salivary [14] .
The prevalence of TTV among thalassemic patients varies in different studies and has been reported to be as high as 100% [10, [25] [26] [27] , depending on diagnostic technique and specimen type. Chen et al. used peripheral blood mononuclear cells, plasma, saliva, and urine samples from 50 thalassemic patients for TTV detection. They found that all 50 patients had TTV in one or more specimens and that 16.0% of patients were positive for all specimen types [28] .
In the current study, abnormal levels of ALT and AST were observed in a considerable proportion of TTV+ patients (14.8% and 24.1%, respectively) and in TTV+HCV+ patients (33.3% and 50.0%, respectively). Moreover, abnormal levels of these markers were also found in 8.1% of patients without TTV or HCV infection. The reason for this is not clear but might be explained by liver disease associated with transfusion-related iron overload, the presence of undiagnosed TTV genotypes, or other blood-borne agents. Studies by Hu and co-workers confirm our findings that there is a higher incidence of abnormal ALT and AST levels in TTV+ patients (33.6% and 36.7%, respectively) and TTV+HCV+ patients (56.6% and 70.0%, respectively) [24] . They concluded that ALT, AST, and ferritin levels were invariably lower in TTVpatients than in TTV+ patients and that there are significantly elevated ferritin and ALT levels with TTV-HCV co-infection compared to TTV infection alone [24] . In the current study, TTV+HCV-patients tended to have increased levels of ALT and AST compared to the TTV-HCV-group, as did TTV+ HCV+ patients compared to the TTV+HCV-group, although these differences were not statistically significant. Some recent studies also demonstrated that co-infection with TTV and HCV in thalassemic patients does not alter the plasma profile of biochemical markers when compared with TTV infection alone [26] . The same pattern was also found for TTV+HCV+ patients compared with those infected with HCV alone. However, due to the low prevalence of HCV+ patients (4 patients), these findings should be considered with caution.
Assessing the severity of liver disease solely by measurements of plasma transaminase levels is inadequate. Histological data are also necessary, possibly with an estimated duration of virus infection. However, due to the lack of histological studies of patient tissues in the current study, we were not able to address this issue. In our study, to enhance cost-effectiveness ALT, AST, and ferritin levels were only measured in the control group. Regardless of whether TTV is a cause of liver disease in thalassemic patients, pathogenic mechanisms of the virus need to be rapidly elucidated in order to develop new strategies to prevent transmission and for therapeutic intervention. Targeted longitudinal studies of TTV in the future will be helpful in this regard [29] . On the basis of our study, it can be concluded that TTV, despite being widely distributed among thalassemic patients, appears to have a negligible role in increasing the severity of liver disease, even when co-infection with HCV occurs.
